Abstract-Image denoising is a key issue in all image processing researches. Generally, the quality of an image could be corrupted by a lot of noise due to the undesired conditions of image acquisition phase or during the transmission. Many approaches to image restoration are aimed at removing either Gaussian or impulse noise. Nevertheless, it is possible to find them operating on the same image, which is called mixed noise and it produces a hard damage. In this paper, we proposed noise type classification method and a mixed nonlinear filter for mixed noise suppression. The proposed filtering scheme applies a modified adaptive switching median filter to impulse noise suppression and an efficient nonlinear filer was carried out to remove Gaussian noise. The simulation results based on Matlab show that the proposed method can remove mixed Gaussian and impulse noise efficiently and it can preserve the integrity of edge and keep the detailed information.
I. INTRODUCTION
NOISE can occur during image capture, transmission or processing phases. The noise contaminated in any image could be dependent on or independent of image content. Whatever the classification of the noise as image dependent or independent, the removal of the undesired pattern stay as a great challenge in several vital applications [1] [2] . Over several decades, noise sources causing for digital image degradation has been modeled as the additive Gaussian white noise(AWGN), impulse noise, mixed Gaussian and impulse noise, etc. Mixed noise is characterized by first adding the AWGN to the image and then replacing a portion of pixels with random value. It could occur in a case when an image suffers from both sensor faults and transmission noise. The mixed model can be regarded as a more general and challenging noise model than a pure AWGN model or a pure impulse noise model [3] .
Although there are a lot of traditional methods to remove mixed noise, such as Average filter(AF) or the Standard Median(SM) filter, but they do not perform good enough to remove mixed noise [3] . AF can effectually remove Gaussian noise, but it ineffective in removing impulse noise. And SM filter and Adaptive Switching Median(ASM) filter which are called nonlinear filters can remove impulse noise effectively, but they are ineffective to remove Gaussian noise. Also there are a lot of shortage, such as cannot keep balance between image denoise and keep detail of image [4] . In this paper, to remove mixed noise while preserving image details, we proposed an algorithm that first judges the type of the noise according to the difference values of pixel's neighborhood region and impulse noise's model. Then the proposed filtering scheme applies a modified adaptive switching median filter to impulse noise suppression and a modified nonlinear filter was carried out to remove Gaussian noise. This paper is arranged as follows. Section II reviews some conventional algorithms. Section III presents the mixed nonlinear filter for universal noise removal. Section IV discusses the experiments and the comparison results of the proposed algorithm with the other conventional algorithms. At last, the method of this paper is summarized in Section V.
II. CONVENTIONAL ALGORITHM
AF is the most basic linear algorithm in mask-based filtering methods. AF filter can effectually remove Gaussian noise, but it is ineffective in removing impulse noise and can engender the loss of image details [4] .
SM filter is the most important nonlinear filter. This filter can remove impulse noise effectively, but it is ineffective to Gaussian noise, so it works not good enough to remove mixed noise. And it can't preserve image details [5] .
ASM filter is a spatial filter whose response is based on ordering. For those modified median filters are implemented uniformly across the image, they also tend to modify undisturbed good pixels. The so-called adaptive switching median filter, which has the noise detection step before the noise filtering step, was developed and the detection results are used to determine whether a pixel should be modified. And if there is no noise free pixel in the mask, the filtering mask size can be adaptively changeable [6] . ASM filter can be denoted as follows:
is denoted as input value, α represents the noise detection result, where 1 = α means the current pixel is a noise and 0 = α means it is and uncorrupted pixel [6] .
is the output value, mid represents as the median value of the noise free pixels. Because the number of noise free pixels can be odd or eve n. So mid is defined as formula (3) .
Here, C is the number of noise free pixels, value of the sorted data. ASM filter improves the performance of removing mixed noise. However, it still tail to suppress Gaussian noise effectively and the method can decrease the degradation phenomenon by remaining uncorrupted pixels. Using single conventional linear or nonlinear filter is not enough to remove mixed noise, so it is necessary that find out complex method to remove mixed noise [6] .
III. OUR PROPOSED METHOD
Since different noise has different characteristics, in this paper, the location of impulse noise and AWGN in image was confirmed exactly through the noise detection step, and universal noise was removed by mixed nonlinear filter that according to the noise type.
Noise Estimation
In this paper, we depend on the impulse noise model to detect the location. n is 0, max n is 255. In this paper, the mixed noise is contained by salt and pepper impulse noise and AWGN. The test images that we choose to simulate are 8 bit gray image, so we treat the pixel which value is 0 or 255 as salt and pepper impulse noise [1] - [7] .
The estimation of Gaussian noise point is accord to the difference values of pixel's neighborhood region. The image edge gray has continuity in one or several directions in the neighborhood region. But noise points gray are discontinuous in most directions. It means if a pixel is edge pixel, it has the maximum difference value between this pixel and neighborhood region pixels in one or several directions [7] .
The size of the filter window is
is the center pixel of the filter window. i d is the difference between the center pixel and eight neighborhood region pixels. Set a threshold 1 T .
Judge the type of the noise according to the number of pixel point
N is the number of detail points in neighborhood region.
The selection of threshold 1
T is related to the image detail characteristics and it independent in the degree of noise pollution. The threshold should be large if the image has abundant detail information. Otherwise, if the image has a lot of smooth region, the threshold should be valued smaller appropriately.
If the value of 1
T is smaller, the image can be made clearer in details, but the ability will recede in restraining gauss noise [7] . So the appropriate value of T is determined by experiment and in this paper 1 T is 50.
Noise Suppression Method
After judging the type of the noise, we continue to proposed simple but efficient methods to remove noise according to the result of the noise classification.
A. Impulse Noise Suppression
To suppress the impulse noise we modified traditional ASM filter. ASM filter changes mask size if there is no noise free pixel. On the contrary, large window size is more effective in removing impulse noise at high noise density situation but result in much serious blurring side effect. So we try to find out a method that fixed mask size. When 0 ≠ C , using the same method as ASM filter, if 0 = C , the output pixel is
Here, ) , ( t s is the position of the pixels in the mas k and the mask size is
, the center pixel point is Gaussian noise. We proposed following modified nonlinear filter to remove Gaussian noise. For a larger window with size
, we divide it into four sub-windows of size
, with the center pixel as the corner pixel in the four sub-widows as shown in Fig. 1 The set of pixels in the four sub-window blocks of size
With the medians values in the sub-window and edge information in the larger window, the median drifting problem in a larger window or lack of texture information problems can be avoided. Each quadrant block has a median value which can be expressed as { } The Fig. 2 shows the structure of the proposed algorithm. Fig. 2 . Structure of the proposed algorithm.
IV. SIMULATION RESULT
Simulations were made on 512×512 8-bit grayscale test images corrupted with mixed AWGN and salt and pepper impulse noise. To verify the performance of the proposed method in this paper, the algorithm in this paper is compared with the SM filter, AF and ASM filter. In addition to the visual quality, the performance of the proposed method and other standard algorithms are quantitatively measured by the following parameters such as peak signal to noise ratio (PSNR). 
Where R and C are the size of the image. O is the original image, Y is the output image after filtering, and L is the gray level of the image, respectively. Fig. 3 and Fig. 4 show the simulation result of the Lena and Baboon image which corrupted by mixed noise are restored by conventional algorithms and proposed method. In Fig. 3 and Fig. 4, (a) is the original image and (b) is the noisy image that corrupted by a mixed of impulse noise with the density of p=50% and AWGN with the standard deviation of From Fig. 3 and Fig. 4 we can see that the classical nonlinear methods give a better performance in suppressing impulse noise, especially ASM filter and SM filter.
Although ASM filter performs better than other conventional filters, but it damages the edge and there still remain noises. And AF has good capability in Gaussian noise suppression. But these conventional algorithms tend to blur the fine details make the image detail lost so much. On the other hand the proposed method has the best filtering effect compared with the traditional filter algorithms. The proposed filter combines the good ability to get rid of mixed noise and rather good ability to protect the detail information. Fig. 5 and Fig. 6 compare the noise removal results by changing the impulse noise density with 30% to 90% while fixing the standard deviation of AWGN with 10. From the figures, we found ASM filter and proposed filter performs well and the values of PSNR are similar to each other when noise density is not high. Although ASM filter removes mixed noise well when the noise density is low, in the high density environment it ineffective in removing noise. The proposed filter performs well either the noise density is low or high for each test image. Table 1 and Table 2 listed the numerical results in terms of the PSNR for image quality assessment of Lena The largest PSNR gain of our method is 9.88 dB for Lena, 3.88 dB for Baboon greater than that using ASM filter. 
V. CONCLUSIONS
In this paper, an efficient method is proposed to remove both the AWGN and impulse noise in the images. The method first classifies the noise type according to the difference values of pixel's neighborhood region and impulse noise model. Then proposed algorithm removes the mixed noise by two different nonlinear filters that scheme applies a modified adaptive switching median filter to impulse noise suppression and a modified nonlinear filter was carried out to remove AWGN.
We also choose the Lena and the Baboon images as the test images which are corrupted by AWGN and impulse noise. When Lena image is damaged by the mixed noise that standard deviation of AWGN is 10 and impulse noise which density p is 40%, these PSNR values after filtering by exiting algorithms are SM filter is 18.85dB, AF is 17.33dB and ASM filter is 28.25dB. But the result value of proposed method is 29.48dB, so PSNR is higher than the conventional algorithms show.
Experimental results demonstrate that this method outperforms many other widely used methods for solving the same problems. Furthermore, it is believed that the proposed method would be widely used in a variety of image processing fields.
